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MONOCOT SEED PRODUCT COMPRISING A 
HUMAN SERUM ALBUMIN PROTEIN 

REFERENCE TO RELATED APPLICATIONS 

This application is a continuation application of pending 
US. patent application Ser. No. 11/987,053, ?led Nov. 27, 
2007, now abandoned, which is a divisional of US. patent 
application Ser. No. 10/411,395, ?led Apr. 11, 2003, now 
patented as US. Pat. No. 7,304,208, which in turn is a con 
tinuation-in-part of US. application Ser. No. 10/077,381, 
?led Feb. 14, 2002, now patented as US. Pat. No. 6,991,824, 
which claims priority bene?t to US. provisional application 
Ser. No. 60/269,199, ?led Feb. 14, 2001, application Ser. No. 
10/077,381 being a continuation-in-part of US. patent appli 
cation Ser. No. 09/847,232, ?led May 2, 2001, now aban 
doned, which claims priority bene?t to US. provisional 
application Ser. No. 60/266,920, ?led Feb. 6, 2001, and US. 
provisional application Ser. No. 60/201,182, ?led May 2, 
2000. All priority applications are incorporated herein by 
reference in their entirety. 

REFERENCE TO SEQUENCE LISTING, TABLE 
OR COMPUTER PROGRAM 

A “Sequence Listing” is submitted with this application in 
the form of a text ?le, created 31 Mar. 2010, and named 
“506658027US03SeqLTxt.txt” (24,025 bytes), the contents 
of which are incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

The present invention relates to human blood proteins pro 
duced in the seeds of monocot plants for use in making human 
and animal topical compositions and human therapeutic com 
positions. 

BACKGROUND OF THE INVENTION 

Many human blood proteins are in short or limited supply 
due to the larger quantities required of the protein for positive 
therapeutic effect or possibly also due to the larger demand of 
these proteins by the world population of patients having the 
particular condition. It is also advantageous to produce blood 
proteins, normally extracted from blood products, from an 
alternative source such as crop plants. Production of blood 
proteins from plants mitigates contamination of the blood 
protein fraction with human viruses and other disease caus 
ative agents found in human or animal blood product frac 
tions. 

Blood proteins such as hemoglobin, alpha-1-antitrypsin 
(“AA ”), ?brinogen, human serum albumin, thrombin, anti 
thrombin III, antibodies, blood coagulation factors (e.g. Fac 
tors V-XIII), and others are known to have therapeutic poten 
tial for a number of human conditions. 

Hemoglobin is the majorblood component molecule trans 
porting oxygen to cells. Mammalian hemoglobins are tet 
rameric proteins made up of two ex-like polypeptide subunits 
and two 11011-0. (usually [3, y, or 6) subunits. These subunits 
differ in primary amino acid sequence, but have similar sec 
ondary and tertiary structures. Each globin subunit has asso 
ciated with it, by noncovalent interaction, a Fe2+-porphyrin 
complex known as a heme group, to which oxygen binds. The 
predominant hemoglobin in adult erythrocytes is (x262, 
known as hemoglobin Al (HbA). Each hemoglobin tetramer 
has a molecular weight of 64 kD and each (x-like and [3-like 
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2 
chain has a molecular weight of approximately 15.7 kD (141 
amino acids) and 16.5 kD (146 amino acids) respectively. 
AAT belongs to the class of serpin inhibitors and is one of 

the major protease inhibitors in human plasma. AAT is a 
single 394 amino acid polypeptide having an approximate 
molecular mass of 52 kD, and contains about 15% carbohy 
drate in the native human form of the molecule. Concentra 
tions of AAT in human plasma range from 1000-3000 mg/L 
and in human milk range from 100 to 400 mg/L Its primary 
physiological role is the inhibition neutrophil elastase, with 
an insuf?ciency leading to the development of pulmonary 
emphysema. Excess production of elastase activity leads to 
emphysema, hepatitis and a variety of skin disorders. While 
the binding af?nity of AAT is highest for human neutrophil 
elastase, it also has af?nity for pancreatic proteases such as 
chymotryp sin and trypsin. The current primary source for the 
treatment of AAT de?ciency is isolating AAT from human 
blood plasma. 

Fibrinogen is involved in the blood coagulation cascade 
and is converted to ?brin by its interaction with the natural 
clotting agent thrombin. Fibrin is the major component of 
blood clotting. Mature human ?brinogen consists of two pairs 
of three independent polypeptide chains (or, [3 and y) that are 
linked together by 29 intra- and intermolecular disul?de 
bonds forming a native protein of 340 kD and is present in 
human plasma at an approximate concentration of 2500 
mg/L. Three-dimensional structural analysis of independent 
?brinogen domains has provided detailed structural features 
giving important clues to human ?brinogen’s multifunctional 
role. The ?brinogen polypeptides are approximately 72 kD 
(0t), 52 kD ([3) and 48 kD (y) respectively with the [3 polypep 
tide chain determining native molecule assembly. The struc 
ture of ?brinogen features a number of structural and func 
tional domains containing multiple binding sites that 
facilitate interactions with itself, other proteins, certain cell 
types and allow ?brinogen to participate in a number of 
important physiological processes including blood coagula 
tion, in?ammation, angiogenesis, wound closure, arteriogen 
esis and tumorigenesis. Fibrin formation from a clotting 
standpoint is mediated by the interaction of native ?brino gen 
with its natural clotting agents Factor XIII and thrombin in the 
presence of blood soluble calcium. 
Albumin is a transport protein molecule that carries out 

many functions in mammalian serum biology, notably that of 
a carrier of hormones and other soluble ligands from site to 
site, and other activities that contribute largely to general 
mammalian biochemistry. Human serum albumin (“HSA”) is 
also the major protein component of blood being actively 
present at serum concentrations of approximately 30,000-50, 
000 mg/L. HSA is a single polypeptide chain of 66.5 kD that 
is initially synthesized as a prepro-albumin molecule in the 
liver and released from the endoplasmic reticulum after 
N-terminal and C-terminal Golgi processing. The resultant 
mature protein is 585 amino acids in length. It has been shown 
that the natural preprosequence of HSA can function in cor 
rect protein targeting/processing across a plant plasma mem 
brane in transgenic tobacco leaves (Sijmons et al., 1990). 

Prothrombin, a plasma glycoprotein, is the zymogen of the 
serine protease thrombin that catalyzes the conversion of 
?brino gen to ?brin as well as several other reactions that may 
be important for blood coagulation. Prothrombin is a single 
polypeptide chain approximately 72,000 molecular weight in 
size. The complete human thrombin cDNA consists of 622 
amino acid residues and includes a leader sequence of 36 
amino acid residues. Active thrombin has an apparent 
molecular weight of 36,000 and is made up of two disul?de 
linked polypeptide chains resulting from prothrombin cleav 
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age. The proteolytic events leading to in vitro activation and 
conversion of human prothrombin to active thrombin have 
been extremely well characterized. Antithrombin III is a 
single chain glycoprotein with a molecular weight of 58 kD. 
It is a member of the serpin (serine protease inhibitor) super 
family and is considered to be the most important inhibitor in 
the coagulation cascade. Antithrombin III inhibits a wide 
spectrum of serine proteases including thrombin, factors IXa, 
Xa and Xla, kallikrein, plasmin, urokinase, C1-esterase, and 
trypsin. Antithrombin III activity is markedly potentiated by 
heparin; potentiation of its activity is the principle mechanism 
by which both heparin and low-molecular-weight heparin 
produce anticoagulation. 

Factors V-XIII are proteins (mostly proteases in their active 
states) that are involved in the ‘intrinsic pathway’ of the 
classical casade mechanism for blood coagulation. The 
majority of these molecules exist as precursors that are pro 
cessed in an ordered sequence of transformations from inac 
tive to catalytically active forms. FactorV is proaccelerin (the 
accelerator globulin) while Factor VI is the activated form of 
FactorV. FactorVII is proconvertin, the plasma thromboplas 
tin component, while Factors VIII (antihemophilic factor) 
and IX (Christmas antihemophilic factor) are both associated 
with the hemophilia disease state. Factors X (Stuart-Power 
factor), XI (plasma thromboplastin anticedent) and XII 
(Hageman factor) are all involved with the maturation/stabi 
lization ofthrombin. Factor XIII (?brin stabilizing factor) is a 
plasma transglutaminase directly acting on ?brin during the 
clotting process. All these Factors are present at relatively low 
in serum plasma (0.001 to 50 mg/L). Other protein factors 
also involved in the blood coagulation cascade include 
Fletcher Factor (prekallikrein), Fitzgerald factor (kininogen) 
and von Willebrand Factor. 

Immunoglobulins (antibodies) present in humans act to 
confer resistance to a variety of pathogens to which a patient 
may have been exposed. Immunoglobulin molecules account 
for 15-20% of the mass in human serum and consist predomi 
nantly of IgG, IgM and IgA-type antibodies involved in ?ght 
ing various infections that invade the blood system and poten 
tially the rest of the body. IgG type antibodies are the most 
prevalant and exist at a serum concentration of between 618 
g/L. The blood system also serves as a carrier directing these 
molecules to speci?c areas of the body to combat resulting 
infections and potential oncogenic targets. Mature antibodies 
consist of two polypeptides (light and heavy chains) that must 
be expressed in eqimolar amounts and come together to form 
functional entities. The light chain (~25 kD) is a protein of 
~210-240 amino acids in length while the heavy chain (~50 
kD) is a protein of ~450-460 amino acids in length. Both light 
and heavy chains carry signal peptides for processing and 
secretion into the blood stream. Expression of monoclonal 
antibodies in plants is of particular interest, because it 
requires the expression of two genes, synthesis of two pro 
teins and correct assembly of the tetrameric protein to result 
in a functional antibody. 

Initial studies of antibodies in plants focused on the IgG 
antibody class (Hiatt et al., 1989; Hiatt and Ma, 1992), but 
later studies explored the in planta expression of complex 
antibody molecules such as secretory IgA antibodies (4 
genes) and more complex antibody forms (Ma et al., 1995; 
Vine et al., 2001). 
Us. Pat. Nos. 6,471,429, 5,959,177, 5,639,947 and 5,202, 

422, all related patents, disclose the production of antibody 
molecules in transgenic tobacco plant leaves. 

U.S. Pat. No. 6,303,341 discloses the production ofimmu 
noglobulins containing protection proteins in tobacco plant 
leaves, stems, ?owers and roots. 
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Published U.S. Patent Application U.S. 2002/0174453 dis 

closes the production of antibodies in the plastids of tobacco 
plants. 

Published U.S. Patent Application U.S. 2002/0046418 dis 
closes a controlled environment agriculture bioreactor for the 
commercial production of heterologous proteins in trans 
genic plants. The speci?cation discloses that production of 
mammalian blood proteins can be achieved. Example 7 dis 
closes the production of human blood factors in the leaves of 
potato, tobacco and alfalfa plants. 

U.S. Pat. No. 6,344,600 discloses the production of hemo 
globin and myoglobin in tobacco plant leaves. Example X 
discloses the extraction and partial puri?cation of recombi 
nant hemoglobin from tobacco seeds. The expression was 
obtained by transformation of the coexpression plasmid 
pBIOC59, which was constructed to allow targeting in the 
chloroplasts, and contained for this purpose the transit pep 
tide of the precursor of the small subunit of ribulose 1,5 
diphosphate carboxylase of Pisum salivum L. Expression in 
seeds was reported to be at a maximum level of 0.05% recom 
binant hemoglobin relative to the total soluble proteins 
extracted. 
Example XI of the ’600 patent discloses the construction of 

plasmids containing one of the ct or [3 chains of hemoglobin 
allowing constitutive expression or expression in the albumin 
in maize seeds. According to this disclosure, the constitutive 
or albumin-speci?c expression of the hemoglobin chains 
required the following regulatory sequences: one of three 
promoters allowing a constitutive expression ((i) the rice actin 
promoter followed by the rice actin intron, contained in the 
plasmid pAct1-F4; (ii) the 35S double constitutive promoter 
of cauli?ower mosaic virus; or (iii) the promoter of the maize 
y-zein gene contained in the plasmid py63) and one of two 
terminators ((i) the 358 polyA terminator; or (ii) the NOS 
polyA terminator). No experiment or data is provided regard 
ing transformation or expression of these plasmids in maize 
or maize seeds. 

U.S. Pat. No. 5,767,363 discloses the use ofa seed-speci?c 
promoter derived from ACP of Brassica napus, to affect and 
vary the expression of seed oils in rape and tobacco plants. 
The speci?cation generically discloses that the seed speci?c 
promoter can be used for the expression of pharmaceutical 
proteins, such as blood factors or human serum albumin, 
however no experimental data whatsoever is presented in this 
regard. 

Daniell et al. (2001) is a review article discussing recent 
developments in the ?eld of medical molecular farming, 
including the production of antibodies and proteins in plants. 
None of these patents or publications discloses the produc 

tion of human blood proteins in monocot seeds in high yield. 
It is desirable to provide for the production of human blood 
proteins in high yield free from contaminating source agents 
in order to provide the patient population with suf?cient sup 
ply of these proteins for use in treating humans with condi 
tions treatable by administration of a particular blood protein. 

SUMMARY OF THE INVENTION 

In one aspect, the invention includes a method of producing 
a recombinant human blood protein in monocot plant seeds, 
comprising the steps of: 

a. transforming a monocot plant cell with a chimeric gene 
comprising a promoter from the gene of a maturation 
speci?c monocot plant storage protein, 
i. (ii) a ?rst DNA sequence, operably linked to said 

promoter, encoding a monocot plant seed-speci?c 
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signal sequence capable of targeting a polypeptide 
linked thereto to a monocot plant seed endosperm 
cell, and 

ii. (iii) a second DNA sequence, linked in translation 
frame with the ?rst DNA sequence, encoding a human 
blood protein, wherein the ?rst DNA sequence and 
the second DNA sequence together encode a fusion 
protein comprising an N-terminal signal sequence 
and the human blood protein; 

b. growing a monocot plant from the transformed monocot 
plant cell for a time suf?cient to produce seeds contain 
ing the human blood protein; and 

c. harvesting the seeds from the plant, wherein the human 
blood protein constitutes at least 3.0% of the total 
soluble protein in the harvested seeds. 

The invention also includes a puri?ed human blood protein 
obtained by the method. Preferably, the human blood protein 
comprises one or more plant glycosyl groups. 

The invention also provides a monocot plant seed product, 
preferably selected from whole seed, ?our, extract and malt, 
prepared from the harvested seeds obtained by the method of 
the invention. Preferably, the human blood protein constitutes 
at least 3.0% of the total soluble protein in the seed product. 

The invention further provides a composition comprising a 
puri?ed human blood protein, preferably comprising at least 
one plant glycosyl group, and at least one pharmaceutically 
acceptable excipient or nutrient, wherein the human blood 
protein is produced in a monocot plant containing a nucleic 
acid sequence encoding the human blood protein and is puri 
?ed from seed harvested from the monocot plant. The nutrient 
is from a source other than the monocot plant. The formula 
tion can be used for parenteral, enteric, inhalation, intranasal 
or topical delivery. 

These and other objects and features of the invention will 
become more fully apparent when the following detailed 
description of the invention is read in conjunction with the 
accompanying drawings and claims. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 shows plasmids with constructs containing three 
codon-optimized genes encoding the ?brinogen polypeptides 
0t (pAPI 398), [3 (pAP I 417) and y (pAPI 327) (SEQ ID NO: 
1-3), each under the control of the rice glutelin promoter Gt1 . 
These plasmids, including a plasmid (not shown) containing 
the hygromycin selectable marker, were bombarded into 
embryogenic rice callus to create transgenic rice plants 
expressing these three genes in mature rice seeds. 

FIG. 2 shows a Western blot analysis of transgenic rice 
lines expressing individual subunits of human ?brinogen. 
Lane 1, positive control, puri?ed native human ?brinogen 
(obtained from the Red Cross) showing all three polypeptide 
chains; Lane 2, extract from Tapei 309, a non transgenic rice 
variety; Lane 3, molecular weight standard; Lane 4, rice seed 
extract expressing ?brinogen a chain; Lane 5, rice seed 
extract expressing ?brinogen [3 chain; Lane 6, rice seed 
extract expressing ?brino gen y chain. Total protein extract of 
rice seeds was performed in 2% SDS, 1M urea, 1% [3Me and 
PBS pH 7.4. Fibrinogen polypeptides were detected using 
antibody recogniZing all three chains or individual chains 
only. 

FIG. 3 shows the simultaneous expression of the three 
?brinogen polypeptide chains (0t, [3 and y) in transgenic rice 
seeds and analyzed via Western blot analysis. Fibrinogen 
polypeptides and protein aggregates were detected Using 
antibody recogniZing all three chains. FIG. 3A indicates total 
protein extracted from rice seeds under non-denaturing con 
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ditions (350 mM NaCl, PBS pH 7.4, 0.01% Tween-20/Triton 
X-100/CHAPS) and run on a non-denaturing 10% acryla 
mide gel. Lane 1, 1 pg puri?ed human ?brinogen; Lanes 2 & 
3, extracts from Tapei 309, a non-transgenic rice variety; Lane 
4, molecular weight markers; Lanes 5 & 7, extracts from two 
transgenic rice lines where 1.0% [3Me was included in the 
extraction buffer; lanes 6 & 8, extracts from two transgenic 
rice lines without [3Me in the extraction buffer. Lanes 6 & 8 
show large protein aggregates that were extracted under non 
denaturing conditions from the transgenic lines that run at the 
approximate position of complexed native human ?brino gen. 
FIG. 3B indicates total protein extracted from rice seeds in 
2% SDS, 1M urea, 1% [3Me and PBS pH 7.4, and run on SDS 
PAGE. Lane 1, positive control, native human ?brinogen 
(obtained from the Red Cross) showing all three polypeptide 
chains; Lane 2, molecular weight standards; Lanes 3-5, three 
independent transgenic rice lines expressing all three ?brini 
gen polypeptides. 

FIG. 4 shows the plasmid pAPI 250 expressing the codon 
optimized gene for alpha-1-antitrypsin (AAT) (SEQ ID 
N015) under the control of the rice glutelin promoter Gt1. 
This plasmid, along with a plasmid (not shown) containing 
the hygromycin selectable marker gene, was bombarded into 
embryogenic rice callus to create transgenic rice plants 
expressing AAT in mature rice seeds. 

FIG. 5 shows Coomassie brilliant blue staining of aqueous 
phase extraction of transgenic rice grains expressing human 
recombinant AAT. Both untransformed (rice var. Kilaake) 
and transgenic rice seeds (~10 pooled R1 seed from ?ve 
individual transgenic plants) were ground with PBS pH 7.4 
buffer. The resulting extract was spun at 14,000 rpm at 4° C. 
for 10 min. Supernatant was collected and ~20 pg of this 
soluble protein extract was resuspended in sample loading 
buffer, and loaded onto a precast SDS-PAGE gel. Lane 1, 
molecular weight protein markers; Lane 2, puri?ed non-re 
combinant human AAT; Lane 3, extract from control non 
transformed Kitaake variety. Between lanes 2 and 3, the 
results from the extracts of the ?ve individual transgenic 
plants are shown. 

FIG. 6 shows Western blot analysis of recombinant human 
AA T expressed in transgenic rice grains. The R1 pooled seed 
soluble protein extracts (~10 pg total protein) from seven 
independent transgenic rice transformants were prepared as 
described in FIG. 5 above, separated by SDS-PAGE gel and 
then blotted onto a nitrocellulose ?lter. The identi?cation of 
AAT expressed in rice seeds was carried out by Western 
analysis using anti-AAT antibody. Lane 1, molecular weight 
protein markers; Lanes 2 & 3, 1 pg and 2 pg, respectively, of 
puri?ed nonrecombinant human AAT; Lanes 4 & 5, control, 
non-transgenic rice extract (var. Kilaake). The ?nal seven 
lanes show the results from the extracts of the seven indi 
vidual transgenic plants. Extracts from two of the seven trans 
genic lines did not express AAT. The shift in gel mobility 
between the non-recombinant human and recombinant rice 
expressed forms is due to the type and glycosylation differ 
ences in the human and recombinant rice-expressed proteins. 

FIG. 7 shows activity of puri?ed recombinant AAT (rAAT) 
obtained from rice extracts against puri?ed porcine pancre 
atic elastase (PPE) as determined by Coomassie staining and 
Western blot analysis. The activity of rAAT is demonstrated 
by a band shift assay involving the AAT protease substrate, 
elastase. AAT samples from human and rice extracts were 
incubated with equal number of moles of PPE at 37° C. for 15 
min. Negative control for band shift assay was prepared with 
the AAT samples incubated with equal volume of PPE added. 
Lane MW refers to molecular weight markers. FIG. 7A: Lane 
1, puri?ed non-recombinant AAT from human plasma; Lane 
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2, puri?ed AAT from human plasma+PPE; Lane 3, soluble 
protein extract containing AAT from transgenic rice seed; 
Lane 4, protein extract containing AAT from transgenic rice 
seed+PPE; Lane 5, non-transformed rice seed extract; Lane 6, 
non-transformed rice seed extract+PPE. FIG. 7B shows a 
shifted band in Lanes 1, 2 and 3. The shifted band, a complex 
between PPE and an AAT fragment is con?rmed to contain 
AAT by Western blot analysis. The lanes in FIG. 7B are 
analogous to those in FIG. 7A. 

FIG. 8 depicts AAT derived from rice cell extracts puri?ed 
initially through Con-A and DEAE Sepharose respectively, 
then loaded onto an octyl Sepharo se column. Octyl Sepharose 
is the ?nal puri?cation step and separates active AAT from an 
inactivated form of the protein. Lane 1, molecular weight 
markers; Lane 2, 2 pg puri?ed non-recombinant human AAT 
as a standard; Lane 3, pooled eluate from the DEAE 
Sepharose column. The remaining columns show the ?ow 
through and the eluate from the octyl Sepharose column. 
Approximately 50 ML from each column fraction was loaded 
onto an SDS-PAGE gel and the proteins visualized by Coo 
massie staining. Octyl Sepharose ?ow-through shows the 
inactive AAT protein while the eluate resolves active AAT. 

FIG. 9A depicts anAAT association rate constant for activ 
ity of puri?ed recombinant AAT against PPE determined (as 
described by the procedure in FIG. 7) using non-recombinant 
human AAT as a control. Data were generated by Coomassie 
protein staining and Western blot analysis, as described in 
FIG. 7. FIG. 9B depicts the thermostability of plant-derived 
recombinant AAT versus native human AAT determined by 
the PPE inhibition assay. 

FIG. 10 shows the plasmid pAPI 9 for expression of codon 
optimized human serum albumin (HSA) (SEQ ID NO:4) 
under the control of the riceAmy1A promoter/ signal peptide. 
This plasmid is useful for the expression of HSA in germi 
nated rice seeds. 

FIG. 11 shows the expression of HSA in transgenic rice 
seeds. Pooled seed from transgenic rice line 3-11-2 were 
imbibed in water for 24 hours, then 2 uM gibberelic acid (GA) 
was added. Seed samples were extracted at 24, 48, 72, and 
120 hours post GA addition and soluble proteins were 
extracted and prepared for Western analysis. 15 pg of soluble 
protein were loaded onto each lane along with protein iso 
lated from the non-transformed negative control line TP309. 
The blot was probed with monoclonal antibody prepared 
against HSA. 

DETAILED DESCRIPTION OF THE INVENTION 

Unless otherwise indicated, all terms used herein have the 
meanings given below or are generally consistent with same 
meaning that the terms have to those skilled in the art of the 
present invention. Practitioners are particularly directed to 
Sam brook et al. (1989) Molecular Cloning: A Laboratory 
Manual (Second Edition), Cold Spring Harbor Press, Plain 
view, N.Y., Ausubel F. M. et al., (1993) Current Protocols in 
Molecular Biology, John Wiley & Sons, New York, N.Y., and 
Gelvin and Schilperoot, eds. (1997) Plant Molecular Biology 
Manual, Kluwer Academic Publishers, The Netherlands for 
de?nitions and terms of the art. 

The polynucleotides of the invention may be in the form of 
RNA or in the form of DNA, and include messenger RNA, 
synthetic RNA and DNA, cDNA, and genomic DNA The 
DNA may be double-stranded or single-stranded, and if 
single-stranded may be the coding strand or the non-coding 
(anti-sense, complementary) strand. 
The term “stably transformed” with reference to a plant 

cell means the plant cell has a non-native (heterologous) 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
nucleic acid sequence integrated into its genome which is 
maintained through two or more generations. 
By “host cell” is meant a cell containing a vector and 

supporting the replication and/or transcription and/or expres 
sion of the heterologous nucleic acid sequence. Preferably, 
according to the invention, the host cell is a monocot plant 
cell. Other host cells may be used as secondary hosts, includ 
ing bacterial, yeast, insect, amphibian or mammalian cells, to 
move DNA to a desired plant host cell. 
A “plant cell” refers to any cell derived from a plant, 

including undifferentiated tissue (e.g., callus) as well as plant 
seeds, pollen, propagules, embryos, suspension cultures, 
meristematic regions, leaves, roots, shoots, gametophytes, 
sporophytes and microspores. 
The term “mature plant” refers to a fully differentiated 

plant. 
The term “seed product” includes, but is not limited to, 

seed fractions such as de-hulled whole seed, ?our (seed that 
has been de-hulled by milling and ground into a powder) a 
seed extract, preferably a protein extract (where the protein 
fraction of the ?our has been separated from the carbohydrate 
fraction), malt (including malt extract or malt syrup) and/or a 
puri?ed protein fraction derived from the transgenic grain. 
The term “biological activity” refers to any biological 

activity typically attributed to that protein by those of skill in 
the art. 

The term “blood protein” refers to one or more proteins, or 
biologically active fragments thereof, found in normal human 
blood, including, without limitation, hemoglobin, alpha-1 
antitrypsin, ?brinogen, human serum albumin, prothrombin/ 
thrombin, antithrombin III, antibodies, blood coagulation 
factors (Factor V, Factor VI, Factor VII, Factor VIII, Factor 
IX, Factor X, Factor XI, Factor XII, Factor XIII, Fletcher 
Factor, Fitzgerald Factor and von Willebrand Factor), and 
biologically active fragments thereof. 
The term “non-nutritional” refers to a pharmaceutically 

acceptable excipient which does not as its primary effect 
provide nutrition to the recipient. Preferably, it may provide 
one of the following services to an enterically delivered for 
mulation, including acting as a carrier for a therapeutic pro 
tein, protecting the protein from acids in the digestive tract, 
providing a time-release of the active ingredients being deliv 
ered, or otherwise providing a useful quality to the formula 
tion in order to administer to the patient the blood proteins. 

“Monocot seed components” refers to carbohydrate, pro 
tein, and lipid components extractable from monocot seeds, 
typically mature monocot seeds. 

“Seed maturation” refers to the period starting with fertili 
zation in which metabolizable reserves, e.g., sugars, oligosac 
charides, starch, phenolics, amino acids, and proteins, are 
deposited, with and without vacuole targeting, to various 
tissues in the seed (grain), e.g., endosperm, testa, aleurone 
layer, and scutellar epithelium, leading to grain enlargement, 
grain ?lling, and ending with grain desiccation. 

“Maturation-speci?c protein promoter” refers to a pro 
moter exhibiting substantially upregulated activity (greater 
than 25%) during seed maturation. 

“Heterologous DNA” refers to DNA which has been intro 
duced into plant cells from another source, or which is from a 
plant source, including the same plant source, but which is 
under the control of a promoter that does not normally regu 
late expression of the heterologous DNA. 

“Heterologous protein” is a protein encoded by a heterolo 
gous DNA. 
A “signal sequence” is an N- or C-terminal polypeptide 

sequence which is effective to localize the peptide or protein 
to which it is attached to a selected intracellular or extracel 
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lular region. Preferably, according to the invention, the signal 
sequence targets the attached peptide or protein to a location 
such as an endosperm cell, more preferably an endosperm 
cell organelle, such as an intracellular vacuole or other protein 
storage body, chloroplast, mitochondria, or endoplasmic 
reticulum, or extracellular space, following secretion from 
the host cell. 

Expression vectors for use in the present invention are 
chimeric nucleic acid constructs (or expression vectors or 
cassettes), designed for operation in plants, with associated 
upstream and downstream sequences. 

In general, expression vectors for use in practicing the 
invention include the following operably linked components 
that constitute a chimeric gene: a promoter from the gene of a 
maturation-speci?c monocot plant storage protein, a ?rst 
DNA sequence, operably linked to the promoter, encoding a 
monocot plant seed-speci?c signal sequence (such as an 
N-terminal leader sequence or a C-terminal trailer sequence) 
capable of targeting a polypeptide linked thereto to an 
endo sperm cell, preferably an endo sperm-cell organelle, such 
as a protein storage body, and a second DNA sequence, linked 
in translation frame with the ?rst DNA sequence, encoding a 
human blood protein. The Signal sequence is preferably 
cleaved from the human blood protein in the plant cell. 

The chimeric gene, in turn, is typically placed in a suitable 
plant-transformation vector having (i) companion sequences 
up stream and/ or downstream of the chimeric gene which are 
of plasmid or viral origin and provide necessary characteris 
tics to the vector to permit the vector to move DNA from 
bacteria to the desired plant host; (ii) a selectable marker 
sequence; and (iii) a transcriptional termination region gen 
erally at the opposite end of the vector from the transcription 
initiation regulatory region. 
Numerous types of appropriate expression vectors, and 

suitable regulatory sequences are known in the art for a vari 
ety of plant host cells. The promoter region is chosen to be 
regulated in a manner allowing for induction under seed 
maturation conditions. In one aspect of this embodiment of 
the invention, the expression construct includes a promoter 
which exhibits speci?cally upregulated activity during seed 
maturation. Promoters for use in the invention are typically 
derived from cereals such as rice, barley, wheat, oat, rye, corn, 
millet, triticale or sorghum. Examples of such promoters 
include the maturation-speci?c promoter region associated 
with one of the following maturation-speci?c monocot plant 
storage proteins: rice glutelins, oryzins, and prolamines, bar 
ley hordeins, wheat gliadins and glutelins, maize zeins and 
glutelins, oat glutelins, and sorghum ka?rins, millet pennis 
etins, and rye secalins. Exemplary regulatory regions from 
these genes are exempli?ed by SEQ ID NOS:6-l4. Other 
promoters suitable for expression in maturing seeds include 
the barley endosperm-speci?c B l -hordein promoter, GluB-2 
promoter, Bx7 promoter, Gt3 promoter, GluB-l promoter and 
Rp-6 promoter, particularly if these promoters are used in 
conjunction with transcription factors. 
Of particular interest is the expression of the nucleic acid 

encoding a human blood protein from a promoter that is 
preferentially expressed in plant seed tissue. Examples of 
such promoter sequences include those sequences derived 
from sequences encoding plant storage protein genes or from 
genes involved in fatty acid biosynthesis in oilseeds. Exem 
plary preferred promoters include a glutelin (th) promoter, 
as exempli?ed by SEQ ID NO:6, which effects gene expres 
sion in the outer layer of the endosperm, and a globulin (Glb) 
promoter, as exempli?ed by SEQ ID NO:7, which effects 
gene expression in the center of the endosperm. Promoter 
sequences for regulating transcription of gene coding 
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sequences operably linked thereto include naturally-occur 
ring promoters, or regions thereof capable of directing seed 
speci?c transcription, and hybrid promoters, which combine 
elements of more than one promoter. Methods for construc 
tion such hybrid promoters are well known in the art. 

In some cases, the promoter is native to the same plant 
species as the plant cells into which the chimeric nucleic acid 
construct is to be introduced. In other embodiments, the pro 
moter is heterologous to the plant host cell. 

Alternatively, a seed-speci?c promoter from one type of 
monocot may be used regulate transcription of a nucleic acid 
coding sequence from a different monocot or a non-cereal 
monocot. 

In addition to encoding the protein of interest, the expres 
sion cassette or heterologous nucleic acid construct includes 
DNA encoding a signal peptide that allows processing and 
translocation of the protein, as appropriate. Exemplary signal 
sequences are those sequences associated with the monocot 
maturation-speci?c genes: glutelins, prolamines, hordeins, 
gliadins, glutenins, zeins, albumin, globulin, AOP glucose 
pyrophosphorylase, starch synthase, branching enzyme, Em, 
and lea. Exemplary sequences encoding a signal peptide for a 
protein storage body are identi?ed herein as SEQ ID NOS: 
1 5-21 . 

In one preferred embodiment, the method is directed 
toward the localization of proteins in an endosperm cell, 
preferably an endosperm-cell organelle, such as a protein 
storage body, mitochondrion, endoplasmic reticulum, vacu 
ole, chloroplast or other plastidic compartment. For example, 
when proteins are targeted to plastids, such as chloroplasts, in 
order for expression to take place the construct also employs 
the use of sequences to direct the gene product to the plastid, 
Such sequences are referred to herein as chloroplast transit 
peptides (CTP) or plastid transit peptides (PTP). In this man 
ner, when the gene of interest is not directly inserted into the 
plastid, the expression construct additionally contains a gene 
encoding a transit peptide to direct the gene of interest to the 
plastid. The chloroplast transit peptides may be derived from 
the gene of interest, or may be derived from a heterologous 
sequence having a CTP. Such transit peptides are known in 
the art. See, for example, (Smeekens et al., 1986; Wasmann et 
al., 1986;Von Heijne et al, 1991, US. Pat. Nos. 4,940,835 and 
5,728,925. Additional transit peptides for the translocation of 
the protein to the endoplasmiC reticulum (ER) (Chrispeels, 
1991; Vitale and Chrispeels, 1992), nuclear localization sig 
nals (Shieh et al, 1993; Varagona et al., 1992) or vacuole 
(Raikhel and Chrispeels 1992; Bednarek and Raikel, 1992; 
also see US. Pat. No. 5,360,726) may also ?nd use in the 
constructs of the present invention. 

Another exemplary class of signal sequences are 
sequences effective to promote secretion of heterolo gous pro 
tein from aleurone cells during seed germination, including 
the signal sequences associated with alpha-amylase, pro 
tease, carboxypeptidase, endoprotease, ribonuclease, DNase/ 
RNase, (l-3)-beta-glucanase, (l -3)(l-4)-beta-glucanase, 
esterase, acid phosphatase, pentosamine, endoxylanase, 
[3-xylopyranosidase, arabinofuranosidase, beta-glucosidase, 
(l -6)-beta-glucanase, perioxidase, and lysophospholipase. 

Since many protein storage proteins are under the control 
of a maturation-speci?c promoter, and this promoter is oper 
ably linked to a signal sequence for targeting to a protein 
body, the promoter and signal sequence can be isolated from 
a single protein-storage gene, then operably linked to a blood 
protein in the chimeric gene construction. One preferred and 
exemplary promoter-signal sequence is from the rice th 
gene, having an exemplary sequence identi?ed by SEQ ID 
NO:6. Alternatively, the promoter and leader sequence may 
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be derived from different genes. One preferred and exemplary 
promoter-signal sequence combination is the rice Glb pro 
moter linked to the rice Gt1 leader sequence, as exempli?ed 
by SEQ ID N017. 

Preferably, expression vectors or heterologous nucleic acid 
constructs designed for operation in plants comprise compan 
ion sequences upstream and downstream to the expression 
cassette. The companion sequences are of plasmid or viral 
origin and provide necessary characteristics to the vector to 
permit the vector to move DNA from a secondary ho st to the 
plant host, such as, sequences containing an origin of repli 
cation and a selectable marker. Typical secondary hosts 
include bacteria and yeast. 

In one embodiment, the secondary host is E. coli, the origin 
of replication is a ColEl -type, and the selectable marker is a 
gene encoding ampicillin resistance. Such sequences are well 
known in the art and are commercially available as well (e.g., 
Clontech, Palo Alto, Calif.; Stratagene, La Jolla, Calif. 

The transcription termination region may be taken from a 
gene where it is normally associated with the transcriptional 
initiation region or may be taken from a different gene. Exem 
plary transcriptional termination regions include the NOS 
terminator from A grobaclerium Ti plasmid and the rice 
(x-amylase terminator. 

Polyadenylation tails may also be added to the expression 
cassette to optimize high levels of transcription and proper 
transcription termination, respectively. Polyadenylation 
sequences include, but are not limited to, the A grobaclerium 
octopine synthetase signal, or the nopaline synthase of the 
same species. 

Suitable selectable markers for selection in plant cells 
include, but are not limited to, antibiotic resistance genes, 
such as, kanamycin (nptII), G418, bleomycin, hygromycin, 
chloramphenicol, ampicillin, tetracycline, and the like. Addi 
tional selectable markers include a bar gene which codes for 
bialaphos resistance; a mutant EPSP synthase gene which 
encodes glyphosate resistance; a nitrilase gene which confers 
resistance to bromoxynil; a mutant acetolactate synthase gene 
(ALS) which confers imidazolinone or sulphonylurea resis 
tance; and a methotrexate resistant DHFR gene. 

The particular marker gene employed is one which allows 
for selection of transformed cells as compared to cells lacking 
the DNA which has been introduced. Preferably, the select 
able marker gene is one which facilitates selection at the 
tissue culture stage, e. g., a kanamyacin, hygromycin or ampi 
cillin resistance gene. 

The vectors of the present invention may also be modi?ed 
to include intermediate plant transformation plasmids that 
contain a region of homology to an Agrobaclerium lumefa 
ciens vector, a T-DNA border region from Agrobaclerium 
lumefaciens, and chimeric genes or expression cassettes (de 
scribed above). Further, the vectors of the invention may 
comprise a disarmed plant tumor inducing plasmid of A gro 
bacterium Zumefaciens. 

In general, a selected nucleic acid sequence is inserted into 
an appropriate restriction endonuclease site or sites in the 
vector. Standard methods for cutting, ligating and transfor 
mation into a secondary host cell, known to those of skill in 
the art, are used in constructing vectors for use in the present 
invention. (See generally, Maniatis et al., Ausubel et al., and 
Gelvin et al., supra.) 

Plant cells or tissues are transformed with expression con 
structs (heterologous nucleic acid constructs, e.g., plasmid 
DNA into which the gene of interest has been inserted) using 
a variety of standard techniques. Effective introduction of 
vectors in order to facilitate enhancedplant gene expression is 
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an important aspect of the invention. It is preferred that the 
vector sequences be stably transformed, preferably integrated 
into the host genome. 
The method used for transformation of host plant cells is 

not critical to the present invention. The skilled artisan will 
recognize that a wide variety of transformation techniques 
exist in the art, and new techniques are continually becoming 
available. Any technique that is suitable for the target host 
plant may be employed within the scope of the present inven 
tion. For example, the constructs can be introduced in a vari 
ety of forms including, but not limited to, as a strand of DNA, 
in a plasmid, or in an arti?cial chromosome. The introduction 
of the constructs into the target plant cells can be accom 
plished by a variety of techniques, including, but not limited 
to calcium-phosphate-DNA co-precipitation, electropora 
tion, microinjection, A grobaclerium-mediated transforma 
tion, liposome-mediated transformation, protoplast fusion or 
microproj ectile bombardment (Christou, 1992; Sanford et al., 
1993). The skilled artisan can refer to the literature for details 
and select suitable techniques for use in the methods of the 
present invention. 
When A grobaclerium is used for plant cell transformation, 

a vector is introduced into the A grobaclerium host for 
homologous recombination with T-DNA or the Ti-or Ri-plas 
mid present in the Agrobaclerium host The Ti-or Ri-plasmid 
containing the T-DNA for recombination may be armed (ca 
pable of causing gall formation) or disarmed (incapable of 
causing gall formation), the latter being permissible, so long 
as the vir genes are present in the transformedAgrobaclerium 
host The armed plasmid can give a mixture of normal plant 
cells and gall. 

In some instances where A grobaclerium is used as the 
vehicle for transforming host plant cells, the expression or 
transcription construct bordered by the T-DNA border 
region(s) is inserted into a broad host range vector capable of 
replication in E. coli and Agrobaclerium, examples of which 
are described in the literature, for example pRK2 or deriva 
tives thereof. See, for example, Ditta et al., 1980 and EPA 0 
120 515. Alternatively, one may insert the sequences to be 
expressed in plant cells into a vector containing separate 
replication sequences, one of which stabilizes the vector in E. 
coli, and the other in A grobaclerium. See, for example, 
McBride and Summerfeit 1990, wherein the pRiHRI (Joua 
nin, et al., 1985), origin of replication is utilized and provides 
for added stability of the plant expression vectors in host 
Agrobaclerium cells. 

Included with the expression construct and the T-DNA is 
one or more selectable marker coding sequences which allow 
for selection of transformed A grobaclerium and transformed 
plant cells. A number of antibiotic resistance markers have 
been developed for use with plant cells, these include genes 
inactivating antibiotics such as kanamycin, the aminoglyco 
side G418, hygromycin, or the like. The particular marker 
employed is not essential to this invention, with a particular 
marker preferred depending on the particular host and the 
manner of construction. 

For A grobaclerium -mediated transformation of plant cells, 
explants are incubated with Agrobaclerium for a time suf? 
cient to result in infection, the bacteria killed, and the plant 
cells cultured in an appropriate selection medium. Once cal 
lus forms, shoot formation can be encouraged by employing 
the appropriate plant hormones in accordance with known 
methods and the shoots transferred to rooting medium for 
regeneration of plants. The plants may then be grown to seed 
and the seed used to establish repetitive generations and for 
isolation of the recombinant protein produced by the plants. 
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There are a number of possible ways to obtain plant cells 
containing more than one expression construct In one 
approach, plant cells are co-transformed with a ?rst and sec 
ond construct by inclusion of both expression constructs in a 
single transformation vector or by using separate vectors, one 
of which expresses desired genes. The second construct can 
be introduced into a plant that has already been transformed 
with the ?rst expression construct, or alternatively, trans 
formed plants, one having the ?rst construct and one having 
the second construct, can be crossed to bring the constructs 
together in the same plant. 

In a preferred embodiment, the plants used in the methods 
of the present invention are derived from members of the 
taxonomic family known as the Gramineae. This includes all 
members of the grass family of which the edible varieties are 
known as cereals. The cereals include a wide variety of spe 
cies such as wheat (Trilicum sps.), rice (Oryza sps.) barley 
(Hordeum sps.) oats, (Avena sps.) rye (Secale sps.), corn 
(maize) (Zea sps.) and millet (Pennisellum sps.). In practicing 
the present invention, preferred grains are rice, wheat, maize, 
barley, rye and triticale, and most preferred is rice. 

In order to produce transgenic plants that express human 
blood protein in seeds, monocot plant cells or tissues derived 
from them are transformed with an expression vector com 
prising the coding sequence for a human blood protein. The 
transgenic plant cells are cultured in medium containing the 
appropriate selection agent to identify and select for plant 
cells which express the heterologous nucleic acid sequence. 
After plant cells that express the heterologous nucleic acid 
sequence are selected, whole plants are regenerated from the 
selected transgenic plant cells. Techniques for regenerating 
whole plants from transformed plant cells are generally 
known in the art Transgenic plant lines, e.g., rice, wheat, corn 
or barely, can be developed and genetic crosses carried out 
using conventional plant breeding techniques. 

Transformed plant cells are screened for the ability to be 
cultured in selective media having a threshold concentration 
of a selective agent Plant cells that grow on or in the selective 
media are typically transferred to a fresh supply of the same 
media and cultured again. The explants are then cultured 
under regeneration conditions to produce regenerated plant 
shoots. After shoots form, the shoots are transferred to a 
selective rooting medium to provide a complete plantlet. The 
plantlet may then be grown to provide seed, cuttings, or the 
like for propagating the transformed plants. The method pro 
vides for ef?cient transformation of plant cells and regenera 
tion of transgenic plants, which can produce a recombinant 
human blood protein. 

The expression of the recombinant human blood protein 
may be con?rmed using standard analytical techniques such 
as Western blot, ELISA, PCR, HPLC, NMR, or mass spec 
troscopy, together with assays for a biological activity spe 
ci?c to the particular protein being expressed. 
A puri?ed blood protein recombinantly produced in a plant 

cell, preferably substantially free of contaminants of the host 
plant cell, and preferably comprising at least one plant gly 
cosyl group is also provided by the invention. The plant 
glycosyl groups, while identifying that the blood protein was 
produced in a plant, does not signi?cantly impair the biologi 
cal activity of the blood protein in any of the applied thera 
peutic contexts (preferably less than 25% loss of activity, 
more preferably less than 10% loss of activity, as compared to 
a corresponding non-recombinant human blood protein). 
Typically, in accordance with some embodiments of the 
invention, the human blood protein constitutes at least about 
0.5%, at least about 1.0% or at least about 2.0% of the total 
soluble protein in the seeds harvested from the transgenic 
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plant. In a preferred embodiment, however, protein expres 
sion is much higher than previously reported, i.e., at least 
about 3.0%, which makes commercial production quite fea 
sible. Advantageously, protein expression is at least about 
5.0%, at least about 10%, at least about 15%, at least about 
20%, at least about 30%, or even at least about 40% of total 
soluble protein. 
The invention includes plant seed product prepared from 

the harvested seeds. Preferably, the human blood protein 
constitutes at least about 3.0% of the total soluble protein in 
the seed product, more preferably at least about 5.0%, and 
most preferably at least about 10.0%. As shown in the ?gures, 
the expression of human blood proteins in rice grains, repre 
sented by AAT, the three ?brinogen polypeptides and HSA 
represent at least about 10% of total soluble protein. 
The present invention also provides compositions compris 

ing human blood proteins produced recombinantly in the 
seeds of monocot plants, and methods of making such com 
positions. In practicing the invention, a human blood protein 
is produced in the seeds or grain of transgenic plants that 
express the nucleic acid coding sequence for the human blood 
protein. After expression, the blood protein may be provided 
to a patient in substantially unpuri?ed form (Le., at least 20% 
of the composition comprises plant material), or the blood 
protein may be isolated or puri?ed from a product of the 
mature seed (e.g., ?our, extract, malt or whole seed, etc.) and 
formulated for delivery to a patient. 

Such compositions can comprise a formulation for the type 
of delivery intended. Delivery types can include, e.g. 
parenteral, enteric, inhalation, intranasal or topical delivery. 
Parenteral delivery can include, e.g. intravenous, intramuscu 
lar, or suppository. Enteric delivery can include, e.g. oral 
administration of a pill, capsule, or other formulation made 
with a non-nutritional pharmaceutically acceptable excipient, 
or a composition with a nutrient from the transgenic plant, for 
example, in the grain extract in which the protein is made, or 
from a source other than the transgenic plant Such nutrients 
include, for example, salts, saccharides, vitamins, minerals, 
amino acids, peptides, and proteins other than the human 
blood protein. Intranasal and inhalant delivery systems can 
include spray or aerosol in the nostrils or mouth. Topical 
delivery can include, e.g. creams, topical sprays, or salves. 
Preferably, the composition is substantially free of contami 
nants of the transgenic plant, preferably containing less than 
20% plant material, more preferably less than 10%, and most 
preferably, less than 5%. The preferable route of administra 
tion is enteric, and preferably the composition is non-nutri 
tional. 

The blood protein can be puri?ed from the seed product by 
a mode including grinding, ?ltration, heat, pressure, salt 
extraction, evaporation, or chromatography. 
The human blood proteins produced in accordance with the 

invention also include all variants thereof, whether allelic 
variants or synthetic variants. A “variant” human blood pro 
tein-encoding nucleic acid sequence may encode a variant 
human blood protein amino acid sequence that is altered by 
one or more amino acids from the native blood protein 
sequence, preferably at least one amino acid substitution, 
deletion or insertion. The nucleic acid substitution, insertion 
or deletion leading to the variant may occur at any residue 
within the sequence, as long as the encoded amino acid 
sequence maintains substantially the same biological activity 
of the native human blood protein. In another embodiment, 
the variant human blood protein nucleic acid sequence may 
encode the same polypeptide as the native sequence but, due 






























